Hi! investigated the accuracy of recycled gastric tonometer catheters, using a prospective laboratory model, within the Intensive Care Unit of a University teaching hospital.
The gastric tonometer catheter estimates gastric intramucosal pH (PHi) and has the potential to provide valuable information in the management of critically ill patientsI. Calculation of pHi uses gastric intramucosal peo, and gastric intramucosal HC03values in the Henderson-Hasselbalch equation. Gastric intramucosal pe02 can be determined using pe02 of gastric juice (assuming that gastric mucosa is freely permeable to C02 and an equilibrium exists between the C02 of intraluminal fluid and the C02 in the gastric wall) and substituting arterial HC03-for gastric intramucosal H C03-. The gastric tonometer catheter (Trip NGS Catheter, Tonometrics Inc., Worcester, MA, USA) infers gastric fluid pe02 by measuring the pe02 of saline contained within a silicone balloon placed within the stomach. Silicone is very permeable to C02 and the pe02 of gastric fluids and the pe02 of the saline in the balloon tend to equilibrate rapidly. Hence, pHi can then be calculated directly.
It has been argued that gastric tonometry has a greater prognostic ability than derived oxygen variables in septic patients, and may operate as an "early warning" system 2,3. However, the commercially available disposable tonometer catheters are expensive, costing about A$170 each. The catheter is intended for single use only, for up to 28 consecutive days, although the manufacturer does not offer any reason why it should not be reused 4 • Despite its cost, some have advocated its routine use in the critically ill, claiming potential overall cost savings from its use1. Considerable cost benefits would result from reusing tonometer catheters. Consequently, the aim of this study was to examine the accuracy of used tonometer catheters in the estimation of pe02 and pHi.
MATERIALS AND METHODS
Ten consecutive tonometer catheters were removed from patients in our ICU when their use was no longer indicated. The catheters were gently wiped with a watermoistened cloth soaked in water, and the gastric ports flushed. They were then autoclaved in a formalin/ formaldehyde sterilizer (Venticlave type SLTF-LTS-A, British Sterilizer Co., Ilford, Essex, England) at 75°C for 165 minutes, at a pressure of 0.9 Bar. This method has been shown to be effective for heat-sensitive instruments and materials 5 • 6 • These recycled catheters were then visually inspected to check the integrity of their balloons.
Testing of tonometry function was performed in a gas mixing chamber made by our laboratory. Carbon dioxide was delivered by a flowmeter (Cyprane, Ohmeda, Elizabeth Way, Harlow, Essex CM 19 5AB) at flows in excess of 5 lImin through a heated waterbath humidifier (MR 450, Fisher and Paykel, Auckland, New Zealand) to the chamber. A small gas exit port allowed constant partial pressures of carbon dioxide to be achieved in the chamber, as regulated by the gas in-flow. The chamber PC02 was monjtored using a capnograph (Multicap, Datex Instrumentation Corp., Helsinki, Finland). The temperature of the chamber was maintained between 35.5 cC and 38 DC, and humidity was maintained over 950,10 relative humidity. The apparatus is shown in Figure 1 . The ten used tonometer catheters plus three new catheters were initially flushed with normal saline to remove any air. The gastric end of each tonometer catheter was then suspended in the chamber to the level of the first mark on the catheter, approximating the length that would be inserted enterally. The balloon positions were adjusted to prevent contact with each other. Once a steady-state chamber PC02 had been reached and maintained, the tonometer balloons were sequentially primed. After an equilibration time of 30 minutes, the tonometer saline was anaerobically sampled. The deadspace volume of saline was discarded and the PC02 of the residual saline sample was measured by a blood gas analyzer (Ciba Coming ABL288, Coming Medical and Scientific, Medfield, MA, USA). Priming and sampling of the catheter balloons followed the manufacturer's instructions. The chamber PC02 was then increased, and once a steadystate chamber PC02 had been achieved, the balloons were reprimed with fresh saline and the procedure repeated. Nine levels of PC02 were tested for each catheter, within the range of 23-65 torr (3.06 to 8.66 kPa). At one level of chamber PC02 (38 mmHg) testing was repeated. All the catheters were exposed to the same 30-minute equilibration period for a given PC02. The measured PC02 values were multiplied by a correction factor (to allow for incomplete equilibration) to derive "steady-state adjusted PC02" (PC02(SS» according to the manufacturer's instructions. Values for pHi were then calculated using the Henderson-Hasselbalch equation:
where [HC03-] is actual bicarbonate concentration of arterial blood and a value of 21 mmolll was used for all calculations.
The PC02(SS) values at each chamber C02 setting were analysed with the Mann Whitney test (two-tailed) to test for changes in means and with the Kolmogorov-Smimov two-sample test to test changes in distribution. P less than 0.05 was considered significant. A paired t-test (one-tailed) was used to compare the two sets of results obtained taken at a chamber PC02 38 mmHg. The PC02(SS) values were standardized by expressing them as a fraction of the chamber PC02. The Oneway Analysis of Variance (AN OVA) allowed further evaluation of the individual catheters.
RESULTS
The ten recycled catheters were all the tonometer catheters used in patients in the ICU during the study period. They were each used once, for periods ranging from 2 to 15 days. All were undamaged with intact balloons before commencement of the study.
Blood gas analyser daily coefficient of variation values were 1.9 to 5.1. Recorded PC02(SS) values for all tonometer catheters at various chamber PC02 levels are shown in Table 1 , with the 95% confidence limits of the new catheters. All PC02(SS) values obtained from the ten used catheters at the nine levels of chamber PC02 were within these 950,10 confidence limits. There was no significant difference between the mean PC02(SS) of used catheters and the mean PC02(SS) of new catheters (Table 2) (Mann Whitney P~0.05). The Kolmogorov-Smimov two-sample test showed that there was no significant difference in the distribution of PC02(SS) values in the used and new catheters ( Table 2) . Repeated testing at a chamber PC02 of 38 mmHg demonstrated in no significant 
DISCUSSION
The gastric tonometer catheter is variously described as a noninvasive or minimally invasive monitor, with few risks to the patient". Possible associated complications are similar to those of inserting a large bore nasogastric tube. Debate continues on the usefulness of, and indications for, gastric tonometry, and the relatively high cost of disposable tonometer catheters remains an important factor. Reusing the catheters would save costs, or at least allow more patients to receive this new monitoring technology. Possible arguments against reusing the device include problems relating to infection, catheter balloon fracture, and changes in the balloon which may affect the accuracy of PC02(SS) measurements. The risk of balloon rupture may be higher with used catheters, but the spillage of 2.5 ml saline into the stomach has no physiological consequence. The method of cleaning and sterilizing used catheters in the present study has been shown to reliably exclude the risk of disease transmission 5 ,6. Indeed, bronchoscopes, endoscopes and Sengstaken-Blakemore tubes, which are reusable items, are sterilized by this method. Any physical damage to used catheters can usually be detected by visual inspection. Hence, the reliability of tonometric function remains the last major objection to recycling tonometer catheters. This study investigated the accuracy of used tonometer catheters.
Our results demonstrate that there is some variation in PC02(SS) measurements, even with new catheters, but the variations are minor and insignificant. PC02(SS) measurements from recycled catheters did not differ significantly in mean or distribution from those obtained from new catheters. In other words, the readings could have come from a set of new catheters. There was good agreement between individual pHi values of used catheters and the mean pHi values of new catheters, using an arterial bicarbonate concentration of 21 mmolll. This bicarbonate concentration was arbitrarily chosen as it is the value frequently observed in our ICU patient population. Since pHi is a derived value, and a theoretical arterial bicarbonate concentration was used in this in vitro study, statistical analysis of calculated pHi values was not undertaken.
Ten used tonometer catheters were studied with three new ones. It was logistically difficult to study more than 13 catheters. The time taken by the blood gas analyzer to analyze 13 saline samples was about 30 minutes. If more catheters had been studied, this time would have been lengthened, and the accuracy of saline PC02 estimations would have been compromised. It is unlikely that our results would have been any different if more new catheters had been studied. The estimated PC02(SS) of the new catheters were not significantly different from each other, and it is reasonable to assume that extra new catheters would have shown the same reliability.
It is puzzling to note that in both the recycled and new catheters, PC02(SS) values were consistently 10-20070 less than the chamber PC02, despite being appropriately corrected for the equilibration period. Blood gas analyzer inaccuracy in the measurement of PC02 in normal saline has been reported 8 but Tonometrics Inc. have assured us of the reliability of the PC02 in the ABL 288 (personal communication). The capnograph and blood gas analyzer were properly calibrated; the catheters were equilibrated for a full 30 minutes and the recommended correction factor was applied. Also, the capnograph sampling tube was in close proximity to the tonometer balloons. Our method Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 of balloon priming and saline sampling followed the manufacturer's instructions, and is identical to that used in clinical practice. In our model, chamber humidity and temperature were within the expected physiological range. We are unable to explain the discrepancy between chamber PC02 and estimated PC02(SS). However, both used and new catheters showed the same degree of discrepancy, with absence of any significant difference of PC02(SS) between the two groups.
In conclusion, clinical use, cleaning and sterilization did not adversely affect the function of the silicone balloons of ten tonometer catheters. Estimations of PC02(SS) of the recycled catheters did not differ from those of new catheters in a bench model. The results suggest the possibility of using tonometer catheters at least twice. We are currently conducting a clinical study to confirm this possibility.
